Abstract. The inhibitors of apoptosis proteins (IAPs) act by directly blocking cleaved caspase-3 (XIAP) or the protein SMAC/DIABLO, an antagonist. The inhibition of XIAP activity or the increase of SMAC activity might improve the therapeutic response of the patients. This work evaluated the immunoexpression of IAPs and SMAC in colorectal carcinoma and their correlation with apoptotic index (AI), cellular proliferation, p53 protein immunoexpression and patient survival rate. TMA paraffin blocks were made with colorectal cancer tissue and adjacent non-tumorous mucosa of 130 patients, not submitted to radio or chemotherapy. Sections of 4 μm were processed by immunohistochemistry for survivin, XIAP, cIAP-1, cIAP-2 and SMAC, and the immunoexpression scores were obtained. They were correlated between each other and with the AI obtained by anticleaved caspase-3 and M30 (cleaved cytokeratin-18) antibodies, the cellular proliferation index, p53 protein immunoexpression and patient survival data. Direct correlation occurred between the four IAPs studied in tumor and nontumorous mucosa tissues. SMAC, survivin, cIAP-1 and cIAP-2 were positively correlated with tumoral tissue AI. Cellular proliferation and p53 immunoexpression was positively correlated with XIAP, SMAC and cIAP-1 scores. Low cIAP-1 immunoexpression showed a tendency for correlation with shorter patient survival. Equilibrium between the activities of IAPs and SMAC was demonstrated by the direct correlation between their immunoexpression. Correlation between SMAC and AI confirmed the pro-apoptotic activity of this protein. XIAP showed no inverse correlation with AI. XIAP, SMAC and cIAP-1 play a role in colorectal tumorigenesis, as demonstrated by their direct correlation with cellular proliferation and p53 protein. The tendency for correlation between low cIAP-1 immunoexpression and survival might indicate a role for this protein as a prognostic marker in colorectal cancer.
Introduction
Colorectal carcinoma is a frequent cause of morbidity and mortality in Western populations, showing high frequency in Brazil, particularly in southern and south eastern states (Health Ministry; Ministério da Saúde, http://www.datasus. gov.br). Estimates for 2008 for the south eastern region report an approximate incidence of 12.05-26.35 men and 13.42-28.22 women per 100000 inhabitants (National Cancer Institute; Instituto Nacional do Câncer, http://www.inca. gov.br/).
Colorectal carcinogenesis occurs in multiple cumulative stages, including mutational activation of oncogenes associated with the inactivation of tumor suppressor genes (1, 2) . Given this context, several metabolic pathways of cellular proliferation, DNA repair and apoptosis have been studied (3) (4) (5) (6) (7) (8) .
Apoptosis (programmed cell death) is an efficient physiological mechanism for cell suicide that is important for growth and cell differentiation processes in multicellular animals, controlling the number of cells and organ size (9) . It is activated by two pathways: the cell death receptor or extrinsic pathway and the mitochondrial or intrinsic pathway. Both pathways promote the activation of the caspase cascade, a family of cysteine proteases that constitute the central regulatory mechanism of death by apoptosis. The morphological alterations observed in apoptosis are induced by the action of the caspases, especially by caspase-3, the principal trigger of the apoptotic process (10) . One of the striking characteristics of the great majority of cancers is their progressive resistance to apoptosis.
The IAPs are a family of molecular inhibitors of apoptosis, encoded by genes present in mammals and phylogenetically conserved. They are also found in Drosophila and in certain viruses. The apoptotic process evolved with a series of amplification mechanisms that once triggered rapidly reaches irreversibility. Thus, the existence of inhibitory molecules is ONCOLOGY REPORTS 22: 295-303, 2009 Immunoexpression of inhibitors of apoptosis proteins and their antagonist SMAC/DIABLO in colorectal carcinoma: Correlation with apoptotic index, cellular proliferation and prognosis explained by the necessity of the cells to protect themselves against environmental triggers that might function as spurious signals and lead to non-physiological death by apoptosis. The IAPs exert an antiapoptotic role by inhibiting the activity of effector caspases-3 and -7, and the initiator caspase-9, and are the only known endogenous proteins that present such activity. It has been postulated that in viable cells the basal activity of caspases is inhibited by IAPs, such that the presence of these proteins places limits on caspase activation (10) . The principal molecular characteristic of IAPs is the presence of one or more baculovirus IAP repeat (BIR) domains. Isolated BIR domains inhibit caspase activation in vitro and are the principal functional units of IAPs (11) . Seven different members of the IAP family have been described: NAIP, XIAP, c-IAP-1, c-IAP-2, Livin (or ML-IAP), TsIAP (ILP-2) and survivin. XIAP is the most potent caspase inhibitor and the only IAP that inhibits mature activated caspases at physiological concentrations, presenting as the most potent caspase inhibitor in vitro. It inhibits caspase-3 and -7 at nanomolecular (physiological) concentrations by inserting a residue of aspartic acid into the active catalytic site of the caspase, corresponding to the inverse spatial orientation adopted by activator substrates when these bind to same catalytic sites.
Caspase-9 inhibition occurs by a distinct mechanism. At physiological concentrations the BIR-3 domain binds to the processed amino terminal of monomeric caspase-9, impeding its dimerization and consequent activation (10, (12) (13) (14) . Caspase-9 expression is activated via the Che-1 protein in response to DNA damage (15) . Its deficiency was identified as the cause of the lymphoproliferative syndrome linked to the X chromosome (16) . XIAP has been investigated as a therapeutic target, aimed at improving sensitization to apoptosis by chemotherapy (17) (18) (19) (20) .
Survivin is amply expressed in fetal and embryonic cells and it was initially believed that was silenced in normal nonneoplastic adult cells. However, it has been observed in nonneoplastic colon mucosa by RT-PCR and immunohistochemistry (21, 22) . It fulfills a function in the cell cycle, as the only IAP associated with chromatinic structures, and monitors the success of chromosome segregation and replication, suppressing the nuclear caspases. At 16.5 kDa, it is the smallest mammalian IAP. It presents only one BIR domain and three transcripts: the wild form and two isoforms, survivin ΔEx3 and survivin 2b. Its predominant cytoplasmatic location is determined by CRM-1-dependent export from the nucleus. A lysine-rich sequence is required at its carboxylterminal for this exportation, a sequence that is absent in the nuclear isoform ΔEx3 (23) . Survivin is overexpressed in a series of transformed cell lines and in lung, intestine, pancreas, prostrate and breast cancer cells and non-Hodgkin lymphoma, and is associated with recurrence risk factors and poor prognosis. It is significantly correlated with p53 protein mutation in breast carcinomas (11) (12) (13) (24) (25) (26) .
Despite its immunolocalization in gels containing caspases-3 and -9, it does not physically bind to caspases or directly inactivate them. The antiapoptotic activity is derived by its binding to the IAPs inhibitors SMAC-DIABLO and OmiHtrA2, leading to ubiquitylation, degradation and liberation of XIAP to bind and inhibit caspases (26-28).
cIAP-1 and cIAP-2 (cellular IAP) form part of the proteic complex of the intracytoplasmatic domain of the transmembrane protein TNF-·-2. cIAP-1 forms part of the proteic complex of the cytoplasmic domain TRAF-2 and TRADD of the TNFR-1, as such, it is a potent apoptosis inhibitor mediated by TNF-· (11). Similar to XIAP, cIAP-1 and cIAP-2 possess three BIR domains and one RING domain. In addition, they also possess a CARD domain (Caspase Recruitment Domains) between BIR-3 and one RING. These domains are not required for antiapoptotic action and are most likely involved in mediating interactions with other apoptosis regulatory proteins and the proteosome system (13, 14) . Although physically capable of binding with caspases, it does not occur at physiological concentrations. The three indirect mechanisms of their apoptosis inhibition activity are: i) by binding to IAP antagonists like SMAC/DIABLO, thus reducing their concentration and leaving more XIAP molecules free to inhibit caspases; ii) by influencing NF-κB and MAP-kinase signaling; or iii) by marking caspases for ubiquitylation and proteosome degradation (12) . cIAP-2 expression is stimulated by NF-κB and COX-2, such that an increase in these proteins promotes apoptosis resistance due to cIAP-2 increase. Studies involving the blockage of NF-κB and COX-2 by RNA interference show that diminished levels of cIAP-2 and XIAP are related to diminished apoptosis resistance (29) (30) (31) .
SMAC (Secondary Mitochondrial Activation of Caspases) is a mitochondrial protein liberated in cytosol similar to cytochrome C after apoptotic stress. SMAC is located in the intermembrane mitochondrial space as a mitochondrial precursor protein and is activated by the removal of the Nterminal sequence. It binds to all IAPs to which it was submitted during inhibition studies. SMAC binds specifically to the BIR-2 and BIR-3 domains in XIAP through an IAP domain motif RHG (REAPER/HID/GRIM) and by IBMs (IAP Binding Motifs) at the same biding site as caspase-9, thus impeding their inhibition.
The antiapoptotic action of certain IAPs, such as survivin and livin, occur by molecular sequestration of SMAC/ DIABLO, liberating XIAP molecules for caspase inhibition (28, 32, 33) . Mathematical models have been proposed to describe the relation between the number of survivin, XIAP and SMAC/DIABLO molecules. Loss of the molecular homeostasis leads cells toward apoptosis or permits the survival of cells presenting genetic alterations (27, 34, 35) .
The strategy of research involving therapeutic agents that promote increased sensitivity to apoptosis in tumor cells is aimed at inhibiting IAPs, whether by molecular inhibitors or recombinant proteins (36, 37) .
The potential therapeutic use of IAP inhibitors attempts to increase sensitivity to apoptosis induced by chemotherapy and radiotherapy of tumor cells. The same IAPs also show potential therapeutic use in preventing the progression of neurodegenerative diseases by impeding the neuronal apoptosis, involved in the progression of these diseases.
Our goal is to evaluate the immunoexpression of survivin, XIAP, cIAP-1, cIAP-2 and SMAC/DIABLO in colorectal cancer tissue of patients who were not submitted to radio or chemotherapy, and correlate the immunoexpression of these proteins with the Apoptotic Index, cellular proliferation, p53 protein immunoexpression and patient survival rate.
Materials and methods
The tissue samples studied were embedded in paraffin blocks belonging to 130 colorectal cancer patients operated on at São Paulo Hospital of the Paulista School of Medicine of São Paulo Federal University (Escola Paulista de Medicina, Universidade Federal de São Paulo; EPM/UNIFESP) between 2002 and 2005, who were not submitted to radio or chemotherapy before surgery. All patients had post-operatory adjuvant treatment.
The age of patients ranged from 20 to 88 years, with the majority of patients 56-70 years. We had equal gender distribution in the sample (65 man, and 65 women). Forty percent of the tumors were well differentiated, 54% were moderately, and 6% were poorly differentiated. Tubular carcinoma was the most common histological type, with 104 patients, flowed by mucinous (15) and medullar (10) . One patient had a adenoescamous carcinoma. Most of patients were in Dukes' stages C and B. Sixty patients had no metastases, and 70 had metastases only in regional nodes. Fifty-seven patients were alive at the time this study was finished, and 34 died of the tumor.
The colorectal cancer tissue samples, obtained from surgical specimens, were fixed in 10% formalin and routinely processed by embedding in paraffin for histological analysis. Histological sections (4 μm) were cut from each block and stained by hematoxylin-eosin. The microslides were read for diagnostic confirmation and re-evaluation of the histopathological findings, including the selection of sites for the removal of cylindrical cores used in Tissue Microarray (TMA) block construction. The histological grade was assessed according the WHO classification of tumors (38) .
TMA blocks were constructed using Beecher™ equipment (Beecher Instruments, Silver Spring, MD, USA) according to the manufacturer's instructions, in the following stages: i) the selected area in the respective paraffin block was marked; ii) a cylindrical core was created in the receptor block using the apparatus; iii) a 1-mm cylinder of tissue was extracted from the area of interest; iv) the cylindrical tissues obtained from the donating block was transferred to the core in the receptor block; v) new core positions were created in the receptor block, separated by fractions of millimetre such that a collection of tissue samples was created following the matrix arrangement; vi) the quality of the block was assessed before storing. Two samples of each tumor were used to construct the TMA paraffin block, in order to lessen sample losses. To guarantee adhesion of the TMA block slices on the slides, an adhesive tape system (Instrumedics Inc., Hackensak, NJ, USA) was used.
The streptavidin-biotin method was used for the immunohistochemistry. The primary antibodies used were monoclonal survivin (D-8) antibody (Santa Cruz Biotechnology, CA, USA) diluted 1:300, monoclonal anti-XIAP (AB-2) antibody (Calbiochem, Germany) diluted 1:1000, polyclonal anti-cIAP-1 (H83) antibody (Santa Cruz) diluted 1:300, polyclonal anti-cIAP-2 antibody (Santa Cruz) diluted 1:100, monoclonal anti-SMAC/DIABLO (10G7) antibody (Calbiochem) diluted 1:400, monoclonal P53 (Bp53-12, sc-263) antibody (Santa Cruz) diluted 1:1500, monoclonal antiKi-67 (clone MIB-1, M7240) antibody (DakoCytomation, CA, USA) diluted 1:100, polyclonal anti-cleaved-caspase-3 (AP1027) antibody (Calbiochem) diluted 1:1000, and anticleaved cytokeratin 18 (M30 CytoDEATH) antibody (Roche, NJ, USA) diluted 1:500. The amplification system used was the LSAB+ System HRP kit (Dako, CA, USA). Colors were developed with 3,3'diaminobenzidine (DAB) (Sigma Chemicals Co., St. Louis, MO, USA), which was counterstained with Harris hematoxylin.
The positivity pattern for the anti-protein primary antibodies of the IAP family was the appearance of brownish staining in the nuclear region or cell cytoplasm. Positive control slides were used containing histological slides previously proven as positive for the markers studied. The slides stained omitting the primary antibody were used as negative controls.
The criterion used to evaluate the immunoexpression of XIAP, survivin, cIAP-1, cIAP-2, SMAC/DIABLO, p53 and Ki-67 was the stain intensity, scored from 0 to 3, with 0 considered negative, 1 as weak, 2 as intermediary and 3 as strong. The number of positive cells was evaluated on a scale of 0-3; where 0 corresponded to 0-10% of cells, 1 corresponded to 11-25%, 2 corresponded to 26-50% and 3 corresponded to >51% of cells. The slides were read independently by three experienced pathologists who had no information on patient conditions. A score was obtained for each reaction by multiplying the intensity of the reaction by the percentage of positive cells. Discrepancies were solved with consensus after multi-head microscope meeting. The immunoexpression of the markers was evaluated, both in tumor tissues and in the mucosa obtained from the surgical margins or adjacent to the tumor (39) . The immunoexpression of markers presenting different histological types, such as tubular, mucinous and medullary, where evaluated separately. Evaluation of the AI was based on the immunoexpression of cleaved caspase-3 and M30 (cleaved cytokeritin-18). A ImageLab™ software and image capture system and an Olympus™ trinocular microscope, model BX-40 was used, for cell counts. Positive cells were counted in 200 cells in fields presenting more intense and numerous staining ('hot-spots') in adjacent areas (40) .
The patients were grouped by low/negative expression and intermediate/strong expression of the markers studied. The cut-offs for these groups were obtained by plotting the data in histograms and represented the value in the end of the first peak observed (Table I) . Patient survival in the two groups ONCOLOGY REPORTS 22: 295-303, 2009 Table I. Cut-offs for the distinction between groups with no/ weak and strong expression of the markers and results of the log-rank test of the survival curves built with these thresholds. 
was studied using curves constructed by the Kaplan-Meier method and by the log-rank test. Time of surveillance was counted from the day of diagnosis to the day this study was concluded.
To evaluate the correlations between different markers on patient tumor tissues and on the non-tumorous mucosa samples, the Spearman Rank-Difference Coefficient of Correlation was used for each marker.
The tests used to verify the correlation of immunoexpression of tumor tissue with non-tumorous mucosa was the t-test for continuous variables (cleaved caspase-3 and M30, P<0.001) or the Mann-Whitney test for categorical variables (remaining markers, P<0.0001). All tests were twotailed.
Positive differences in the immunoexpression of the proteins in the distinct histological carcinoma types were tested by Mann-Whitney test. When this test demonstrated P<0.05, Dunn's post-test for multiple comparisons was used on paired values to specify the differences.
The immunoexpression of diverse markers between tumors of different histological grades was analyzed by the MannWhitney test. The software used in the analyses was Tables II and III, respectively. The proteins presenting a direct correlation between their immunoexpression are shown in bold. Fig. 1 shows the immunoexpression of these markers in the tissues studied. In tumor tissue, direct correlation occurred between all four IAPs studied and between these proteins and SMAC (Table II) . The same correlations were obtained for non-tumorous mucosa (Table III) .
----------------------------------------------------------------------------------------------------Marker 1 Marker 2 P-value r 95% CI -----------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------
Results
IAPs
Apoptotic index (AI).
XIAP was the only IAP that did not correlate with the tumor tissue AI, obtained by cleaved caspase-3 and cleaved cytokeratin-18 (M30) immunoexpression. The remaining IAPs (survivin, cIAP-1 and cIAP-2) and their inhibitor SMAC, demonstrated a direct correlation with the AI obtained by both markers (Table II) . In contrast, for nontumorous mucosa, only SMAC and survivin showed direct correlation with the AI obtained by cleaved caspase-3 and only a weak correlation was obtained for survivin using M30 (Table III) .
AI evaluation by cleaved caspase-3 immunoreaction was more clearly defined and greater than that obtained by M30 (Fig. 1) . Although there was a direct correlation between ONCOLOGY REPORTS 22: 295-303, 2009 Table III. Correlation of the immunoexpression between the markers in the normal mucosa. 
-----------------------------------------------------------------------------------------------------Marker 1 Marker 2 P-value r 95% CI -----------------------------------------------------------------------------------------------------
IAPs and SMAC using both AI markers, this was best evaluated when using cleaved caspase-3, particularly for non-tumorous mucosa.
Cellular proliferation (Ki-67) and p53. A direct correlation between Ki-67 immunoexpression and SMAC, cIAP-1 and XIAP was found, but not for survivin or cIAP-2. Similar results were obtained for correlations between p53 immunoexpression (Table II) .
Tumor and non-tumorous mucosa. The differences between the immunoexpression of the IAPs and SMAC in tumor and non-tumorous mucosa tissues were significant for SMAC (mean in tumor tissue=5.233; standard deviation (sd)=2.7; m=2.91 in the normal mucosa, sd=2.3; P<0.0001), XIAP (m=7.038 in the tumor tissue, sd=1.7; m=5.95 in the normal mucosa, sd=1.8, P<0.0001) and cIAP-1 (m=5.764 in the tumor, sd=2.6 and m=4.51 in the normal mucosa, sd=2.3; P=0.0001), with greater expression in tumor tissue. Similar results were found for AI by cleaved caspase-3 (m=11.83 in the tumor, sd=10.6; and m=3.32 in the normal mucosa, sd=4.9; P<0.0001), M30 (m=4.446 in the tumor, sd=6.89, and m=1.71 in the normal mucosa, sd=4.34, P<0.0001) and for Ki-67 (m=2.908 in the tumor, sd=2.70, and m=0.68 in the normal mucosa, sd=1.48, P<0.0001) and p53 (m=4.392 in the tumor, sd=3.53, and m=0.23 in the normal mucosa, sd=0.72, P<0.0001). No significant differences were observed for survivin and cIAP-2 immunoexpression between tumor and non-tumorous mucosa tissues.
Tumor grade and histological types. Only XIAP immunoexpression was significantly greater in low grade tumors (m=7.15, sd=1.7) compared to high grade (m=5.38, sd=1.0; P=0.0131). cIAP-1 revealed greater staining in tubular adenocarcinomas (m=5.148, sd=2.6) compared to the mucinous carcinomas (m=3.429, sd=3.0; P<0.05). XIAP staining was significantly greater in tubular adenocarcinomas (m=7.94, sd=1.6) compared to medullary carcinomas (m=5.571, sd=1.1; P<0.05). Survivin revealed greater immunoexpression in tubular adenocarcinomas (m=4.000, sd=2.6) Survival. Survival data were available for 111 of the 130 patients. Table I shows the cut-off points obtained for the markers studied using histograms. The Kaplan-Meier curves showed no significant differences regarding patient survival between the groups presenting high or low/negative immunoexpression. Only cIAP-1 showed a tendency towards shorter survival in patients presenting low immunoexpression (Fig. 2) . Individuals presenting a score of 0 (group negative for cIAP-1, n=6) were selected and the resulting curve clearly revealed shorter survival in patients presenting negative for cIAP-1 (Fig. 2) .
Discussion
Apoptosis is the mechanism of cell death that occurs in physiological processes involving growth, embryonic development and homeostatic cell tissue control, as well as the immunological activity of lymphoid tissue (9) . Caspases are effector enzymes for the apoptotic process and their activity is subject to rigorous molecular control by inhibitors of apoptosis proteins (IAPs), which in turn are controlled by molecular inhibitors. SMAC/DIABLO is the principal apoptosis inhibitor and the most studied (10) (11) (12) (13) (14) 26, 28) . Both IAPs and their inhibitor SMAC are considered potential therapeutic targets concerning the treatment of neoplasias and degenerative neural processes (18, 19, (29) (30) (31) 37, 41) .
The present findings showed a direct correlation between the immunoexpression of all four IAPs studied, both in tumorous and non-tumorous mucosa, and of these proteins with their inhibitor SMAC. Proposed mathematical models predict a dynamic relation between the number of IAP and SMAC molecules present in cells (27, 34, 35) . Therefore an expected and often found inverse relation exists between these proteins in dynamic experiments involving cell cultures, which explains the direct correlations obtained. The current findings indicate that tumors and tissues presenting a high immunoexpression of IAPs also present greater SMAC expression and reveal an impulse towards dynamic homeostatic equilibrium between the quantities of these proteins within the cells.
Concerning the apoptotic index (AI), despite achieving good results with cleaved cytokeratin-18 (M30) for AI evaluation (40, 42, 43) , the present results were more consistent when using cleaved caspase-3.
A direct correlation between AI and SMAC immunoexpression was expected and corroborated evidence regarding the function of this protein as the principal XIAP inhibitor, which liberates caspase-3 for the apoptotic process. A similar direct correlation of AI with survivin, cIAP-1 and cIAP-2 indicates that the antiapoptotic function of these proteins works by inhibiting SMAC and liberating the blocking action of XIAP against cleaved caspase-3. Other authors have also detected a direct correlation between AI and survivin immunoexpression, with both markers found to be increased in tumor tissue (43) . However, an inverse correlation was reported by Rodel et al (44) . XIAP was the only protein that did not directly correlate with AI, most likely because it is a direct potent inhibitor of cleaved caspase-3 and, consequently, of AI. The absence of an inverse correlation between XIAP immunoexpression and AI should be further investigated with a larger series or by using anti-XIAP antibodies against different epitopes of this protein.
The direct correlation found between cellular proliferation, measured by Ki-67 immunoexpression with AI, XIAP, SMAC and cIAP-1 suggest that both apoptosis and cellular proliferation are abnormally increased in colon cancer, as occurs with increased p53, previously reported by Rodel et al (44) . When comparing tumor tissue and peritumoral nontumorous mucosa, greater values for AI, cellular proliferation and p53 immunoexpression in the tumor tissues validated the present results. Greater XIAP immunoexpression in tumor tissues reinforces the findings of other groups (45, 46) . Increased tumor immunoexpression for SMAC and cIAP-1 fit the models and experimental findings proposed for dynamic relations between the regulatory proteins of caspase-3 activation (27, 34, 35) .
Survivin was initially considered absent and unexpressed in normal tissues, as reported by numerous authors (13, (47) (48) (49) (50) (51) . Posterior studies using RT-PCR and immunohistochemistry involving newer antibodies and reagents have revealed the presence of survivin in non-tumorous tissues, especially in colon mucosa adjacent to carcinomas (21, 22, 52) . One of these experiments involved the same reagent used in the present study (52) . Survivin positivity has been described both in the nucleus and cytoplasm. Data on the immunohistochemical pattern of cIAP-1 and cIAP-2 are scarce (42) .
The rare differences found in the immunoexpression of IAPs and SMAC in relation to tumor histological type and grade reflect the uniformity of the current series. Evidence of a greater XIAP presence in tubular carcinomas than in medullary carcinomas and similar findings for cIAP-1 and survivin in tubular carcinomas than in mucinous carcinomas deserves further investigation with a larger series with those histological types.
The separation of groups into high and low marker immunoexpression is characterized by the variation in criteria between diverse research groups. We chose to construct histograms using the values obtained for each marker to determine a cut-off between the high and low immunoexpression groups. Separating these groups based on the histograms made the determination of the cut-off values more natural and more representative.
The patient survival and mortality data showed that very little time had elapsed from diagnosis up to end of the study period, with half of the patients still alive (n=56). Thus, the lack of correlation between the immunoexpression of the majority of the markers studied (XIAP, SMAC, survivin and cIAP-2) and survival should be analyzed in this context and re-assessed. This fact also heightens the significance of the tendency towards shorter survival among patients presenting low cIAP-1 immunoexpression and the markedly poor survival of those who presented cIAP-1-negative tumors.
Direct correlations between the IAPs and SMAC corroborate the models of apoptosis regulation, which propose a fine balance between the quantities of molecules of these proteins within the cell. SMAC plays an important role in the control of IAP activity and in the sensitization of tumor cells to apoptosis, as shown by the direct correlation with AI. The fact that XIAP was the only IAP for which no direct correlation was observed with AI indicates that XIAP might be a valid therapeutic target and that its inhibition might be used to increase the sensitivity of colorectal cancer to radio and chemotherapy.
The increased values for XIAP, SMAC and cIAP-1 in tumors presenting high indices of cellular proliferation, p53 immunoexpression and AI show that these proteins play an important role in tumorigenesis and evolution.
The presence of survivin in non-tumorous mucosa adjacent to the tumor reinforces previous findings and emphasizes the role of this protein in the non-neoplastic cell population homeostasis. The presence of survivin in the cytoplasm or nucleus could be related to the method used in the investigation, as well as to the metabolic status and cell type studied. The tendency towards shorter survival among patients presenting low cIAP-1 immunoexpression indicates the potential use of this protein as a prognostic marker.
